The translation of total and individual brome mosaic virus (BMV) RNAs was examined in a wheat germ cell-free system in the presence of various inhibitors. Inhibitors of the initiation of polypeptide synthesis, e.g., potassium ions, 7-methylguanosine 5'-monophosphate, and aurintricarboxylic acid, were shown not only to inhibit overall BMV protein synthesis but also to change the ratio of BMV polypeptides synthesized. Under conditions restrictive for initiation, the translation of nonstructural BMV genes was suppressed, but coat protein synthesis proceeded at a high rate. A similar discrimination among BMV messengers was exerted by a regulatory protein kinase isolated from wheat germ. These results suggest that the regulation of the expression of BMV genes is based on a difference in the mechanism of formation of initiation complexes for individual BMV messages.
The translation of total and individual brome mosaic virus (BMV) RNAs was examined in a wheat germ cell-free system in the presence of various inhibitors. Inhibitors of the initiation of polypeptide synthesis, e.g., potassium ions, 7-methylguanosine 5'-monophosphate, and aurintricarboxylic acid, were shown not only to inhibit overall BMV protein synthesis but also to change the ratio of BMV polypeptides synthesized. Under conditions restrictive for initiation, the translation of nonstructural BMV genes was suppressed, but coat protein synthesis proceeded at a high rate. A similar discrimination among BMV messengers was exerted by a regulatory protein kinase isolated from wheat germ. These results suggest that the regulation of the expression of BMV genes is based on a difference in the mechanism of formation of initiation complexes for individual BMV messages.
Investigation of the in vitro translation oftotal mRNA's derived from plant viral multipartite genomes allows us to study the simultaneous translation of a population of messages. It creates the situation similar to that encountered in normal cells, where many messengers are interplaying at the same time. One of the best-characterized plant viruses with a divided genome is brome mosaic virus (BMV) (9) . The total RNA extracted from BMV virions is composed of four monocistronic messengers, designated RNA 1, RNA 2, RNA 3, and RNA 4, in the order of decreasing molecular weight (6) . All of these mRNA's contain a cap structure on their 5' terminus (6, 16) . These RNAs are translated in vitro into a collection of four polypeptides: la, 2a, 3a, and 4a (23) . Polypeptide 4a is a coat protein, and the other polypeptides are nonstructural viral polypeptides (6) .
It is clear that the ratio of synthesis of nonstructural proteins should be variable during viral development (3, 6, 22) . At an early phase, nonstructural proteins thought to be involved in RNA replication accumulate, whereas at a late phase, synthesis of coat protein required for capsid organization dominates.
It is accepted that the regulation of the formation of individual BMV proteins occurs on the translational level (6) . However, the particular mechanism responsible for this regulation is unknown. In this paper we demonstrate that upon restriction of the initiation of polypeptide synthesis, the formation of coat protein prevails over nonstructural BMV proteins. From our results, it seems that the mechanism of regulation of BMV protein synthesis is similar to that described by Lodish for globin chain formation (10) .
MATERIALS AND METHODS 7-Methylguanosine 5'-monophosphate (m7G5p), sodium salt, was from P-L Biochemicals, Inc., Milwaukee, Wis.; aurintricarboxylic acid (ATA), ammonium salt, was from Sigma Chemical Co., St. Louis, Mo.; cycloheximide, B grade, was from Calbiochem, La Jolla, Calif.; ['4C]leucine (specific activity, 211 mCi/ mmol) was from UVVVR, Prague, Czechoslovakia.
The preparation of a cell-free system from wheat germ and tRNA from wheat germ, the isolation of total BMV RNA, and radioactivity measurements were performed by methods described previously (22) . Individual BMV RNAs were separated on a sucrose gradient by the method of Stubbs and Kaesberg (18 (21) . Thus, before we investigated the effect of m7G5p on BMV RNA translation, we studied the effect of potassium ions on protein synthesis in the presence of total and individual BMV RNAs (Fig. 2) translation, which can be taken as a measure of elongation processes, is optimal at a 170 mM potassium ion concentration (13) and that when the translation of a natural message is initiated at a low potassium ion concentration and continued at 170 mM K+, it proceeds at a high rate, but no chain reinitiation occurs (17) . Therefore, a supraoptimal potassium ion concentration may be regarded as inhibitory for initiation, and according to the model proposed by Lodish (10) , it may affect the ratio of viral polypeptides forned in the cell-free system primed with total BMV RNA. This supposition was confirmed by an analysis of products formed at different potassium ion concentrations (Fig. 3) Overall inhibition of protein synthesis due to the presence of m7G5p in the system primed with total BMV RNA did not depend on the concentration of potassium ions (Fig. 4) the translation of total BMV RNA indicated that upon the addition of increasing amounts of m7G5'p to the system, the proportions of products were changed (Fig. 6 ). When equal amounts of hot trichloroacetic acid-precipitable material from the incorporation performed in the presence of increasing amounts of analog were analyzed by gel electrophoresis and subsequent fluorography, it could be seen that the synthesis of nonstructural polypeptides la, 2a, and 3a decreased, with a parallel increase in the synthesis of coat protein. At high potassium ion concentrations, the complete exclusion of longer polypeptides synthesized upon the addition of increasing amounts of m G5'p could be observed.
The restriction of initiation, which was due to the presence of the cap analog, resulted in the exclusion of the translation of nonstructural genes. The effect was reinforced by supraoptimal potassium ion concentrations, the factor which was additionally restrictive toward initiation. In conclusion, it seems that the addition of an inhibitor of initiation to the system affects strongly not only the overall translation but also the type of polypeptide synthesized in the system primed with a population of messages. This supposition was reinforced by experiments performed with another inhibitor of initiation, ATA. It is believed that at low concentrations, ATA acts as a selective inhibitor of the initiation of polypeptide synthesis (11) by blocking the binding of mRNA to ribosomes (5) . We observed that upon the addition of increasing amounts of ATA, the synthesis of product la+2a decreased to 42.3%, and later to 5.8%, of the initial synthesis. Simultaneously, the formation of product 3a decreased to 18.3 and 4.7%, respectively; on the other hand, coat protein synthesis was diminished early to 74% and later to 21.8%, respectively (Fig. 7, lanes 1, 2, and 3) . The restriction of initiation caused by ATA therefore led to the same effect as the addition of potassium ions or the cap analog or both to the system.
On the other hand, the differentiation of BMV polypeptide synthesis was not induced by the presence of cycloheximide in the system. Cycloheximide is a potent inhibitor of protein synthe- Effect ofm'G5p on the translationproducts directed by total BMV RNA. The incubation was performed as described in the legend to Fig. 1 . Equal amounts of hot trichloroacetic acid-precipitabk radioactive material were subjected to ekctrophoresis and fluorography. Potassium ion concentrations were 87 mM for lanes I to 6 and 127 mM for lanes 7 to 12. Concentrations ofm7G5 p were as follows: lanes I and 7, none; lanes 2 and 8, 0.09 mM; lanes 3 and 9, 0.18 mrM; lanes 4 and 10, 0.27 mM; lanes 5 and 11, 0.36 mM; lanes 6 and 12, 0.45 mM.
sis, which arrests translocation (2) and therefore diminishes the rate of elongation. The addition of cycloheximide to the wheat germ system primed with total BMV RNA resulted in an even inhibition of the formation of all BMV polypeptides (Fig. 7, lanes 4 and 5) , reaching about 50% at higher cycloheximide concentrations.
It is clear from the above results that upon restriction of initiation, nonstructural viral messages are excluded from translation, whereas the coat protein gene is expressed at a high rate. We observed that such a restriction can also be imposed by the specific component(s) of the plant extract, e.g., the regulatory protein kinase isolated by us that is able to phosphorylate some ribosome-associated proteins, presumably initiation factors (12) . The addition of this protein kinase to the incorporation system diminished the rate of association of nonstructural messengers with ribosomes, but did not affect the association of BMV RNA 4 with ribosomes (14) . The shown). In contrast to that, the initiation complexes formed with RNA 1+2 at low messenger concentrations contain not only monosomes but also disomes (data not shown). This is in agreement with a recent communication from Ahlquist et al. in which they demonstrated that in initiation complexes formed with RNA 3, two ribosomes are simultaneously present on one RNA molecule (1) .
Therefore, it may be that the translation of nonstructural viral messages (RNA 1, RNA 2, and RNA 3) is initiated by a mechanism different from that operating during the initiation of coat protein synthesis. It is probably this difference which is revealed by the use of inhibitors of initiation, such as m7G5p, K+ ions and ATA.
This difference may also account for the specific effect of the wheat germ protein kinase on the translation of viral mRNA's (12) . It can be speculated that protein kinase is a natural host cell inhibitor, which plays a part in turning on and off the expression of viral genes at different stages of the viral life cycle.
